The remarkable achievements of Debye and Huckel, Onsager, and their colleagues in explaining and rationalizing the experimental data upon the behaviour of strong electrolytes in dilute solution have naturally led to much intensive research directed towards the extension of their theories to ranges of greater ionic concentration. From this work the theory of ion association, sponsored by Niels Bjerrum, has emerged with marked success. Assuming th a t the forces between oppositely charged ions obey the simple Coulomb law, Bjerrum has calculated the probability of such ions being within a distance, q0, at which the thermal energy per degree of freedom is but one-quarter of the electrostatic energy holding the ions together. Oppositely charged ions a t less than this distance from one another are termed short-range pairs. The true degree of association (1-a*) of an electrolyte, as distinguished from the classical conception of undissociated molecules, is a measure of the number of short-range pairs, and Bjerrum has shown th a t the law of mass action may be applied to this association to develop a relation which reproduces the activities of electrolytes in more concentrated solution with remarkable fidelity. Onsager (1927) has cal culated some approximate values of the true degree of association by con sideration of the discrepancies between experimental conductivity data for aqueous solutions and the figures derived from his equation. Similar, and more extensive and more accurate measurements have been made by Davies (1927). In solvents of lower dielectric constant, the increased inter ionic forces lead to still wider discrepancies, and many workers have shown th a t electrolytes which are almost completely non-associated in water are appreciably associated in solvents of reduced dielectric capacity. Martin (1928) has shown th at the alkali metal halides are incompletely dissociated in benzonitrile and th a t the association obeys a generalized law of mass action. Fuoss and Kraus (1933 a) have observed the same effects with the alkali metal nitrates dissolved in ammonia and other solvents of low
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Interpretation of conductivity data, from which all of the above support for the Bjerrum theory has been derived, is complicated by several factors. The evaluation of is difficult and, at best, must ultimately depend upon extrapolation methods of doubtful validity; the solvent correction is frequently rendered abortive through lack of data upon solvolysis for sol vents other than water; the transport of solvent, both by solvation of the ions and by the transfer of momentum from the moving ions, must play its part in the determination of mobility, and yet precise data on such effects are meagre or non-existent. I t was felt, therefore, th at the dielectric pro perties of electrolytes presented an entirely different mode of attack well worthy of investigation.
Ion pairs differ fundamentally from the neutral molecules envisaged by Arrhenius in his undissociated salt. They should be strongly polar in nature, and their capacity of orientation polarization should manifest itself as an enhancement of the dielectric constant of the solvent. Such an effect was postulated by Walden in 1925. Here, again, interpretation of experimental values is beset with conflicting factors; they are, however, of a different nature from those which arise in conductivity work. Account has to be taken of the creation of virtual dipoles by the relative displacement of ion and ion-atmosphere (the Debye-Falkenhagen effect) and also of the fall in dielectric constant brought about by the orientation of solvent dipoles in the strong electrostatic fields of the ions-a phenomenon investigated mathematically by Sack (1926 Sack ( , 1927 .
The dielectric constants of aqueous solutions of salts of various valency types have been determined, relative to water, in this laboratory (Dunning and Shutt 1938) , and, for each solution, the results were found to conform to an equation of the form 
and
lj and l2 are the mobilities of the ions. The term k was interpreted in terms of the Sack effect of saturation of solvent dipoles. It was suggested th a t the factor K y *2 might be explained either through the Bjerrum theory of ion association or by an effect of desaturation of the water dipoles brought about by the overlapping of the individual ionic fields in the more concentrated solutions.
It follows from Sack's calculations of solvent saturation th at the radius of the sphere in which orientation of solvent occurs as a result of a central, singly charged ion is of the order of 15 A. At the maximum concentration used in this work (0-02 m), the ions are separated by a mean distance of 45 A. I t is felt therefore th at any desaturation effect of the type suggested above must be very small, and recourse must be had to the other possible explana tion of the term K y*2, and K may be given the significance of a mass-action constant of ion association. Now D0K y *2 is of the di constant multiplied by a concentration. Some modification is required, therefore, in equation (1). D0K y *2 should be replaced by yAy*2, where y may be termed the ' ' equivalent rise of dielectric constant ' ' and is numerically equal to the rise in dielectric constant which would result from the addition of one equivalent per litre of ion pairs to the solvent. In solvents of lower dielectric constant than th a t of water the degree of association of electro lytes might be expected to be of considerable magnitude, and the ionic concentration can no longer with accuracy be put equal to the equi valence of the salt; y* must be replaced by where is the true degree of dissociation of the electrolyte. Thus a more rigorous form of equation (1) To evaluate the true, thermodynamic association constant, it is neces sary to take account of the long range interaction between free ions. This constant is given, for a symmetrical electrolyte, by riZ i(! -« »)/ a*2y*2 / +/_ ' where /* , / + and /_ are the activity coefficients of the ion pairs and the positive and negative ions respectively. To avoid the almost insuperable difficulty of finding a series of pure, non reactive solvents of graded dielectric constant, it was decided to obtain the desired variation in dielectric constant by diluting water with dioxan. This liquid is almost inert chemically, is non-polar, and is miscible with water in all proportions, the resultant mixtures differing but little in viscosity and density from water itself. The linearity between dielectric constant and dioxan content (vide infra) supported this view th at dioxan could be used as a pure diluent. To extend the research to ranges of dielectric constant higher than th at of water, a somewhat similar principle was employed. Mixtures of urea and water were adopted as solvents.
To facilitate interpretation of results it was necessary th at the electrolyte should be symmetrical as regards valency. For other than binary electro lytes, evaluation of the Debye-Falkenhagen factor A necessitates a know ledge of the mobilities of the ions in each solvent. As shown by equation for symmetrical electrolytes q degenerates to Uni-univalent salts affect the dielectric constant of the solvent but little and for them the method proves insensitive; for valencies beyond two, solvolysis becomes consider able. For these reasons the di-divalent salt magnesium sulphate was chosen for extensive investigation and all the figures quoted in this paper refer to th at electrolyte.
E xperimental
The method used for the measurement of dielectric constant was essen tially the modification of the Fiirth " force" method previously described (Shutt 1934; Shutt and Rogan 1936; Dunning and Shutt 1938) . Some improvement has been effected both in the general form of the cell and in the structure of the suspended system.
In the earlier form of apparatus the alternating field was applied through two parallel, platinum plates clamped to the open ends of a quartz cylindrical vessel and, to maintain insulation between the contents of the cell and the surrounding thermostat, all had to be coated with wax. This wax insulation, however carefully blended and"applied, was not long-lived. The incon venience and delay occasioned by the periodic dismantling, resetting and standardization of the instrument sharply emphasized the need for a totally enclosed glass cell. The solution of the problem of obtaining satisfactory seals between heavy electric leads and pyrex glass or quartz, which materials alone could be fitted with the necessary large plane window, was not at first apparent. One partially successful apparatus was described by Carr F ig u r e 1 and Shutt (1939) . Pyrex glass was used and through this were sealed heavy tungsten rods, which were gold-soldered to platinum rods carrying the field plates. The slow attack of the gold joint by the chlorine liberated during each platinization of the plates was a serious disadvantage in this type of cell. The most successful form of apparatus, and the one used for the bulk of this research, is shown diagrammatically in figure 1. The significant parts of this vessel lay in the pinch seal, in pyrex, closing on several fine platinum wires, and the glass bridge between these wires and the rough tubular seal supporting the heavy platinum rods which carried, at one end, the platinum plates and, at the other, the brush of fine wires. These details are shown at A .A pyrex tube, sealed over this assembly, permitted goo electrical contact with the fine wires through the usual mercury column.
Other details-the filling tube B, the vertical chimney C, carrying the torsion head, and the plane window D-were essentially the same as in the quartz apparatus previously described (Shutt 1934; Shutt and Rogan 1936) . A series of coarse teeth, cut in the edge of the plates P P , permitted a certain amount of support by the cell walls, and, at the same time, allowed free drainage of the space behind the plates. In previous publications constant emphasis has been laid upon the necessity for a particular type of platinization upon the surface of the suspended ellipsoid. Satisfaction in this respect has been difficult to attain and the frequency of failure was disconcerting. I t was felt th at the main cause of the poor reproducibility of surface lay in an inherent uncertainty as to the precise current density at which the platinum black had been laid down. It was decided therefore to redesign the suspension, so th at electrical contact with the ellipsoid could be made outside the platinizing solution, and to make a more detailed study of the conditions for depositing the platinum black.
The suspended system adopted is shown in figure la . A platinumiridium wire, gold-soldered through a minor axis of the ellipsoid, was welded to a fine platinum wire which was threaded through a fine glass capillary tube. This tube was sealed, at its lower end, to the platinum-iridium wire in such a way as to involve the surface of the ellipsoid, as indicated in the diagram. The upper end of the fine platinum wire was sealed through the top of the capillary and bent into the form of a hook, with which good electrical contact could be made on moistening with potassium chloride solution. The stainless steel mirror and quartz fibre suspension were as previously described.
The method of platinization finally adopted was based on the work of Grinnell Jones and Bollinger (1935) . The first desideratum was th at the basic platinum surface should be brought, as far as possible, to a standard state. Old platinum black was removed by stirring in wet sand; the ellipsoid was then polished by brisk agitation in dry sand until all visual irregularities had been removed; a thorough cleaning with concentrated nitric acid and distilled water was followed by immediate platinization. The electrolyte was 0-025 n hydrochloric acid containing 0-3 % platinic chloride and 0-025 % lead acetate. The quality of the deposit was found to be very sensitive to the concentration of lead ion and this tended to vary somewhat, with time, possibly owing to a slow hydrolysis; it was therefore desirable to use freshly prepared solutions. The first layers seem to be the main determinant of the quality of the final deposit and it was found advisable to use a very low current density for the initial stage of platinization. For an ellipsoid 8 mm. in length and about 0-9 mm. in maximum thickness, a current of 0 4 mA was applied for 15 min., with reversal of the current every 10 sec. After th at time the current could be raised to 1-0 mA and the deposition continued for a further 15-30 min. During the whole process of platinization, the ellipsoid was rotated from time to time and, between rotations, was kept symmetrical to the other electrode to ensure uniform treatm ent of the whole surface. To remove occluded platinizing solution, the ellipsoid was cleaned by electrolysis in 2-0 n sulphuric acid, using 5 mA for 10 min., again with reversal of the current every 10 sec. The com m utator controlling the reversal of the current was finally stopped whilst the ellipsoid was evolving oxygen, and this evolution was allowed to continue for 30 sec. before opening the electrolysis circuit. This procedure was adopted, since the presence of hydrogen or reducing agents had been found fatal to the behaviour of the ellipsoid. The platinized surface prepared in this manner had the appearance of smooth black velvet.
Although it has been established th a t the success of the apparatus depends mainly upon the condition of the ellipsoid surface, the plates ( ) play a minor but definite part. These were platinized in the same solution with a current of 0*5 amp. reversed every 10 sec. and continued for 10 min. Sub sequent cleaning was by electrolysis in 2 n sulphuric acid, at the same current density for 5 min.
Finally, both plates and ellipsoid were thoroughly washed with water for 2 or 3 days before the apparatus was tested.
The smallness of the differences in dielectric constant to be measured necessitated very stringent tests of the apparatus. These were normally three in number. The first involved proof that, when the cell was repeatedly filled with water, a constant displacement of the ellipsoid was obtained on application of a fixed field. I t had already been observed (Dunning and Shutt 1938) th at these " water throws " were always much too high, relative to the throws obtained in very dilute electrolyte, and this effect had ten tatively been ascribed to a change in effective dimensions of the platinized surface when electrolytes were added to the pure water.* This effect eluded Shutt and Rogan (1936) in their earlier work, and may go far towards explaining the difference between their results and those since obtained with the improved methods. Throughout the work which follows the value * The authors have been able to show b y work (as y et unpublished) at high frequencies w ith a polished ellipsoid th a t this effect is dependent upon the properties o f platinum black. U nder these conditions the w ater throw is identical w ith th a t o f an extrem ely dilute electrolyte.
obtained by extrapolation to infinite dilution of the results obtained in electrolyte is taken as the true throw for pure water. Nevertheless, the constancy of the water throws, both with time and with repeated refilling of the cell, was an essential criterion for accurate operation, since experience had shown th a t poisoning of the ellipsoid was always first manifested by erratic water throws.
The second test was for absence of polarization, as previously described. Finally, the dielectric constant curve (against concentration) for KC1 was reproduced in its entirety. Uni-univalent salts have little effect upon the dielectric constant of water, and the reproduction of the form of the curve was an extremely delicate test of the apparatus.
In some experiments the solvent action of dioxan upon the anchorages of the quartz fibre and the mirror was overcome by coating the Golaz and shellac cements with the mechanically weaker, but chemically more resis tant, paraffin wax. For the majority of the experiments, however, the apparatus was filled by displacing water, from below, by the slightly denser dioxan solution to a level below the shellac attachm ent of the mirror. To avoid mixture of the two liquids the rate of ingress of the solution was limited by the insertion of a loose glass plug at the top of the filling tube ( Bof figure 1 ). An added advantage of this mode of working lay in the decreased volume of dioxan required for each measurement.
As previously observed, measurements upon comparatively well conducting electrolytes necessitate the use of the ballistic method of taking readings. To correct for the variation in viscosity, from one solvent to another, the following procedure was adopted: The dielectric constant of each dioxan-water mixture and each urea solution was determined relative to water (or n/ 10,0 0 0 KC1), using the static displacement method, then the dielectric constant of each solution of electrolyte was compared with th at of the respective solvent by the ballistic throw method. This amounts to the assumption th at the viscosity of the dioxan-water mixture or urea solution was unaltered by the. addition of small quantities of electrolyte.
The solubility of air in dioxan is much greater than in water and, in making the mixture, supersaturated solutions of air were formed. These tended to produce bubbles of gas on the active surface of platinum. Evacua tion of the mixture proved unsatisfactory: it spoilt the electrolytic reversi bility of the platinum black. The fault was entirely eliminated by equi librating the solution with air by continued shaking of the liquid at 20° C until all signs of evolution of bubbles of gas had ceased.
All the values of dielectric constant recorded in this paper were measured at 20 ± 0-02° C and at an alternating-current frequency of 1000 cyc./sec.
The field strength was adjusted to give a throw of about 10 cm., measured optically on a scale about 1-5 m. from the apparatus. Although the required voltage varied with the dimensions of the ellipsoid and the torsional elasticity of the quartz fibre in use, these magnitudes were adjusted to keep the voltage across the cell within the limits of 15-20 r.m.s. V.
Purification of materials
The high cost of pure dioxan necessitated its recovery from the mixed liquid used in previous measurements. Electrolyte was eliminated by distillation. The water, amounting to about 50 % of the distillate, was removed by adding solid caustic soda, which is practically insoluble in dioxan, until the liquid separated into two layers. The upper layer con tained so little water th at it could be separated off and treated immediately with metallic sodium. After two fractionations the purified dioxan, amounting to about 80 % of th at originally present in the dilute electrolyte solution, possessed the following physical characteristics: b.p. 101-101-5° C; m.p.
11-1° C;
A 2 0 = 1-0343; refractive index = 1-4224. Commercial urea, which has a comparatively high conductivity, was recrystallized from aqueous solution, saturated at 60° C, and dried over concentrated sulphuric acid, in vacuo, for several days. The product ex hibited the necessary low conductivity, and samples prepared from various commercial batches yielded solutions possessing satisfactorily reproducible dielectric constants.
E xperimental results

Dielectric constants of the solvents
These were determined under the same conditions as those to be used for the electrolyte solutions. The results, shown in figure 2, were determined, some with the quartz apparatus (circles) and a few others (dots) with the pyrex apparatus.
As previously observed by several workers, the dielectric constants of urea solutions vary linearly with the concentration of urea. The slope of the straight fine, AD/AC is 3-2 units of dielectric constant per grammolecule per litre-a figure identical with th at obtained by Harrington
The dielectric constant of a dioxan-water mixture is also a linear function of concentration, but the line, followed experimentally as far as 75 % (by volume) of dioxan, does not extrapolate to the dielectric constant of pure dioxan (Z> = 2-35). This graph is practically identical with th at obtained by Akerlof and Short (1936) using a resonance method at 150 m., when allow ance is made for their having plotted percentage by weight of dioxan and used 80*37, instead of 80*0, as the dielectric constant of water at 20° C. The fact th a t the linear, experimental part of the line does not extrapolate to 2*35, might be ascribed to some slight water-dioxan interaction. Geddes (1933) has deduced the occurrence of such interaction from viscosity data. This effect, -however, is so slight as not to affect the linearity of most of the line and may be ignored over the range of concentration used in this work.
Dielectric capacity of electrolytes in mixed solvents
Although not the total possible range of dielectric constant obtainable with the system urea-water-dioxan, considerations of convenience and accuracy of measurement limited the work to solvents between 9 m urea and 50 % dioxan.
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Dielectric constants of magnesium sulphate solutions
The pertinent experimental results are given in table 1. These figures are chosen from the large number of experimental results which had to be measured to construct a curve of Ds against concentration of electrolyte for each solvent used. One such curve, th at for 50 % dioxan, is given in figure 3 . In this figure, the symbols Q and P refer to measurements made with the quartz and pyrex glass apparatus, and F and D to the method of All the dielectric constant results gave curves of the same characteristic shape. This is indicated in figure 4 , where they are plotted together as per centage rise of dielectric constant against the square root of equivalent concentration of electrolyte. I t will be noted th at the effects due to added electrolyte increase progressively as the dielectric constants of the sol vents fall. Calculation of K a and k. From equations (3) and (4), fo electrolyte, As shown by Randall and Failey (1927) ,/*, the activity coefficient of the associated ion pairs, may be assumed to be unity, and, for the binary electro lyte employed, / +/_ = f t -For more concentrated solutions, Debye gives,
From activity data for magnesium sulphate solutions, Bjerrum (1926) has calculated a value of 4-2 A for the mean ionic diameter a. Interpolation of this value in equation (6) permits of evaluation of The unknowns y, K and k of equation (5) could be calculated from the shape of the curves, but laborious mathematical treatm ent would be required. I t seemed preferable, therefore, to evaluate one of the terms from external evidence.
The most reliable values for association constants are probably those obtained from conductivity measurements in aqueous solvent, where much experimental work has been carried out and due allowance for solvolysis and other complicating effects has been possible. Davies (1927) obtained the value of 0-0061 for 1 jKa for aqueous magnesium sulphate at 18° C. For the purpose of this work Ka = 160 was taken as a sufficiently of the association constant. Substitution of this figure for K a and the experimental values of Ds, for aqueous solution, and y* in equation (5) led to the mean values of 150 and 1-9 for y and k respectively. y has been defined as the rise in dielectric constant per gram-equivalent of associated ion pairs. As such it should be a direct function of the distance apart of the centres of the two ions. Fuoss and Kraus (1934) point out th at ion pairs do not consist of ions at any distance up to the Bjerrum critical distance, qQ , from one another, but are either in " contact" or at distances much greater than q0, save for a negligible number in transition states. Thus the distance between the opposite charges in ion pairs may be put as the ionic diameter (a = 4-2 A). There is much experimental evidence th at a independent of the dielectric constant of the solvent. For instance, Fuoss and Krauss (19336) found th at the degrees of association of tetraisoamylammonium nitrate, in dioxan-water mixtures, of dielectric constants ranging from 2*38 to 38, were in agreement with those calculated from the Bjerrum theory, using a practically constant value of a (6-01-6-7 0 A); Linch and La Mer (1938) , studying the thermodynamics of acetic acid in dioxan-water mixtures, found th at a remained constant at 2-6 A over a dielectric constant range of 21-78; Harned and his co-workers (1939) obtained a value of 5-0-5-6 A for hydrochloric acid in dioxan-water mixtures varying in concentration of dioxan from 20 to 70 %, whilst Shedlovsky and Maclnnes (1936) , applying the Debye-Hiickel activity theory to the aqueous acid, found a value of 5-6 A for a.
Associated ion pairs are zwitterionic in character, and Carr and Shutt (I939) have shown, in confirmation of a hypothesis of Wyman (1939) , th at for simple zwitterions, the equivalent rise in dielectric constant, as a close first approximation, is directly proportional tQ the dipole length of the zwitterion. On this basis, y should be independent of the solvent.
Perhaps one further piece of evidence for the constancy of y may be quoted. I t has been shown (Carr and Shutt 1939) that for glycine (an undoubted zwitterion) the molecular rise of dielectric constant is the same in water, in dioxan-water mixtures and in an aqueous solvent whose di electric constant had already been raised by the presence of another zwitterion, alanine.
Accepting, then, the constancy of y, the values of Kaf± and were cal culated, for any one solvent, by substituting the various experimental values of (Ds -D0) for different values of y*, in equation (5), and solving simultaneously. The results for Kaf% _ showed, in each solvent, a definite trend with concentration. This was to be expected since /|. varies with changing concentration, y*. If, however, it could be assumed that the diameter of the free ions remained constant in all solvents, then the Debye" equation (6) might be used to calculate f ± for each concentration and Ka could be evaluated. The values of Ka and k obtained by this method were constant to within about 10 % over the whole range of concentration studied in each solvent. They are given in table 3.
Discussion of results
Variation of Ka with D0
The values of K a presented in table 3 show th at the degree of association into ion pairs decreases as the dielectric constant rises and qualitatively conforms to the physical picture involved by the Bjerrum hypothesis. Quantitatively, however, there are certain anomalies. The values of Ka seem rather high in the urea solutions; they do not fall off so rapidly with dielectric constants rising above th at of water as is to be expected from the behaviour of the electrolyte in solvents having dielectric constants below 80. This effect may tentatively be explained in terms of an essential change in the petmanent hydration sheath of the ions in passing from dioxan-water mixtures to urea solutions. In dioxan-water mixtures, the dipolar water alone is attracted to the ions and forms the permanent hydration sheath, but in urea solutions there are stronger dipoles than water, the urea molecules, and these are more strongly attracted to the ions. This increased solvent attraction tends to drive the ions apart and the value of a, satisfactory in dioxan-water mixtures, may be too low in urea solutions. Thus the value of y used in the calculation of K a for urea solutions may be too small and therefore give falsely high values of K a. Furthermore, if the salting out in the higher concentrations of the dioxan-water mixtures is not 100% efficient, the electrostatic forces between the oppositely charged ions will be increased and the y values given will be too large and the calculated values of Kn too low.
The Bjerrum equation for the degree of association of a bi-bivalent electrolyte may be written in the form (7), gives values of K a identical with those obtained experimentally. If, however, the values of the ion pair diameter be assumed to fall linearly from a 5*8 A at D0 = 36*65 to a = 3-7 A at D0 = 108*85, the calculated values of the association con stant fall on the continuous line shown in figure 5 . The experimental values F ig u r e 5 of log Ka are shown as circles on this graph, and, within experimental error, may be considered as identical with the calculated values.
In view of the relative smallness of the experimental (Ds -D0) and the possible inaccuracies in the equations used to calculate Ka from these results, the agreement between the constant a 4*2 A, obtained by Bjerrum, and the range a = 3*7 to 5*8 A, demanded by th constants, is considered, on the whole, both a satisfactory confirmation of the Bjerrum hypothesis and a proof of the inherent soundness of the Fiirth low-frequency method for measuring the dielectric constants of solutions of electrolytes.
If data were available for applying a correction for the two possible effects mentioned above-the change in the nature of the hydration sheath in the urea solutions, and a lack of complete salting out in the dioxan-water mixtures-the application of such a correction would tend to diminish the discrepancy in the a values; a more constant value of would reproduce all the experimental results.
Variation of with D0
As regards the degree of the dipole saturation postulated by Sack, the figures presented in table 3 indicate a marked rise in the value of k with diminishing dielectric constant of the solvent. Before these values can be accepted as a true measure of the degree of saturation by single ions, two effects-disregarded in the above calculations-must be considered as possible sources of decrease in dielectric constant.
There is, first, the possible formation of associated ion triplets. Fuoss (1935) has shown that the potential energy of a single ion in contact with an ion pair is, in the ideal case, one-half the potential energy of the ion pair. Hence, in solvents of low dielectric constant, and in solutions of higher concentration, triple ions of the form | ^ ^ j and Kraus (1934) points out that, if the electrolyte is present largely as ion pairs, the triple ions will be formed at the expense of the ion pairs, while the concentration of free ions will remain practically unchanged. Thus the nett effect of formation of triple ions will be to increase the number of free charges in solution and therefore to increase the dipole saturation. By a treatm ent similar to th at used by Bjerrum for the formation of ion pairs, Fuoss and Kraus (19336) have derived an expression for evaluation of the mass action constant for triple ion formation. This expression has been applied to the most favourable condition used in this work for the formation of ion triplets. Putting a', the diameter of the triple ion, as 6 A and using the Debye expression for evaluation of the activity coefficient, it was found that, for 0-02 m magnesium sulphate, in 5 0 % dioxan-water mixture, the equi valent concentration of triple ion was only 4 x 1O-5, a vanishingly small value. It may therefore be concluded th at dipole saturation due to triple ions is negligible for all the solutions examined in this work.
A second question is the possibility of dipole saturation by ion pairs. The distribution of the field around the pair would seem to preclude any appre ciable saturation; in even the most favourable direction, along the line of the centres of the charges, the field strength must decay as the cube of the distance. Moreover, it has been shown experimentally (Carr and Shutt 1939) that, for zwitterions of a length comparable with th at of the ion pairs, there is no nett electrical effect set up by interaction between doublet and -+ -+ j may arise. solvent dipoles. I t is considered therefore th a t the observed saturation phenomena are due, almost entirely, to the free ions present in the solution.
In view of the extremely low dielectric constant of dioxan, the dielectric constant of each of the solvents may be said to be due solely to the water dipoles present (ignoring the difference in moment between the urea and water dipoles). D0 may be considered directly proportional to the number of water dipoles capable of rotation in an external field. Thus the fall in dielectric constant, D0 -Ds, on the addition of ions, becomes a direct measure of the number of water molecules immobilized by the ionic fields.
If, as a first approximation, each ion be pictured as surrounded by a water solvation sphere of constant size, in each solvent, then the water immobilized for the same concentration of ion, should be the same in every solvent, i.e. (D0 -Ds)/y* should be a constant. According to Sack's theory
Therefore kD0 should be a constant, independent of D0. The values of kD0 given in table 3 are by no means constant, but rise with decreasing value of D0. This first approximation must, therefore, be abandoned. Sack does not regard the solvate shell as a rigid structure of orientated dipoles sharply defined from the rest of the solvent, but points out that the influence of the ion must extend radially over a considerable distance, approaching zero effect asymptotically (at about 15 A for a univalent ion in water). The dielectric constant decreases from the macroscopic value of the electrolyte to the optical value of the solvent as the distance, r, from the ion decreases. Integration below the curve of dielectric constant against r leads to the conclusion that, although the change in dielectric constant, in regions remote from the ion, is small, the volumes of these regions are so much larger than those near the ion that they give the principal part of the saturation effect. In these outer parts of the solvation sheath, where the water dipoles are loosely held, the salting-out effect may well be imperfect and dioxan molecules may be present to an extent governed by their con centration in the bulk electrolyte. The resultant local lowering of dielectric constant would lead to a further extension of the field of influence of the ion. On this basis JcD0 may well increase with increasing dioxan content of the mixture. It is, however, impossible to give any quantitative estimate of this effect.
General conclusion
I t is felt th at the final conclusion to be drawn from the results of these experiments upon the dielectric properties of solutions of salts is th at the general behaviour of electrolytes in solution can best be described by con sideration of the simple coulombic forces involved. I t cannot be said th a t there is any evidence of need for invoking a specific influence due to the chemical nature of the solvents.
Summary
The orientation (saturation) of solvent dipoles around ionic charges and the phenomena of ion association are considered in relation to their bearings upon the dielectric constants of solutions of electrolytes.
A modified " force" method for the determination, a t low frequency, of the dielectric constants of conducting liquids is described.
Figures are given for the dielectric constants of dioxan-water mixtures (from 0 to 75 % dioxan) and of aqueous solutions of urea (to 9 m urea).
The dielectric constants of solutions of magnesium sulphate in these aqueous solvents have been determined. The Bjerrum association constants (Ka) and the Sack saturation constants (Jc) have been calculated from the results.
The variation of Ka and k, with dielectric constant of solvent, is discussed. 
